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ESTI~ATES

OF THE INCIDENCE OF MISTLETOES IN PINYON-JUNIPER
WOODLANDS OF THE COCONINO NATIONAL FOREST, ARIZONA
Carolyn M. Daughertyl and Robert L. ~\'lathiasen2

ABSTRACT.-The relative incidence of mistletoes found in pinyon-juniper woodlands is estimated for the Coconino
:'oJational Forest, Arizona, using a roadside sunrey. Approximately 50% of the pinyon-juniper woodlands surveyed were
infested with juniper mistletoes (Phoradendron juniperinwn or P. copitellotwn). In contrast, only aOOut 12% of the areas
surveyed were infested with pinyon dwarf mistletoe (Arceuthobium diwricatum). In these infested woodlands, 70% with
juniper mistletoes and 44% with pinyon dwarf mistletoe were lightly infested. :\'Iost areas where pinyon dwarf mistletoe
populations were obsen'ed (90%) also had juniper mistletoe (P juniperinwn) present, hut many juniper mistletoe populations ohselVed had no pinyon dwarf mistletoe (50%), although pinyon pine was common at those locations. Therefore,
pinyon dwarf mistletoe is frequently co-distributed with juniper mistletoe as has been suggested by other investigators,
hut juniper mistletoe frequently occurs where there is no pinyon dwarf mistletoe present.
Key worcls:julliper mistletoe, Phoradendron juniperinum, pin!JOn dwaif mistletoe, Arceuthobium divaricatum, pinyoll
pille,jfmiper, roadside survey.

Pinyon-juniper woodlands occupy approxi-

mately 22.5 miIJion ha (55.6 miIJion acres) in
the United States and over 3.6 million ha (9.6
million acres) in Arizona (Powell et aJ. 1994,
Mitchell and Roberts 1999). These forests are
an important natural resource providing grazing, water, fuel wood, recreation, wildlife habitat, and pinyon nuts (Lanner 1981, Jeffers 1995,
Bowns 1999, Ffolliot et a!. 1999). The most
common tree diseases in pinyon-juniper ecosystems are parasitic flowering plants, the
mistletoes (Rogers 1995, Weber et a!. 1999).
Native mistletoes in the United States are
obligate, parasitic flowering plants in the family Viscaceae (Hawksworth and Scharpf 1981,
Hawksworth and Wiens 1996). The 2 most common mistletoes in these woodlands, pinyon
dwarf mistletoe (Arceutlwbiwn divaricatwn
Engelm.) and juniper mistletoe (Phoradelldroll
junipelinwn Engelm.), occur throughout northern Ariwna and parasitize all species ofjunipers
and pinyon pines that occur there (Hawksworth
and ~1atlliasen 1978, Walters 1978, Hawksworth
1979, Hawksworth and Scharpf 1981, Hawksworth and Wiens 1996, Daugherty and ~1athi
asen 1999). Furthermore, Hawksworth and
Wiens (1996) suggested that these mistletoes
may consistently co-occur. Phoradenllron capitellatwn Torr. ex TreL also parasitizes junipers
in pinyon-juniper woodlands south of the

Mogolloll Rim in Arizona (Hawksworth 1979,
Hawksworth and Scharpf 1981). AJtllOugh it is
considered rare, little is known about its distribution in Arizona (Wiens 1964).
Surveys for mistletoes across large landscapes consisting of thousands of hectares usually involve extensive sampling methods such
as roadside sUlveys (Hawksworth 1958, Andrews
and Daniels 1960, Dooling 1978, Johnson et a!.
1980, Partridge and Canfield 1980, Hessburg
and Beatty 1985, Hoffman and Hobbs 1985,
Mathiasen et a!. 1996). Aerial surveys are not
typically used to detect mistletoe populatiolls
because they are conducted at distances too
far from mistletoe populations to accurately
determine tlleir extent and severity. Therefore, roadside sun1eys are commonly used to
estimate the extent of mistletoe populations at
the landscape level (Dooling 1978). These surveys have been shown to provide accurate
estimates of mistletoe population distributions
over large forested areas in the western United
States (Hawksworth 1958, Dooling 1978, Johnson et a1. 1980, Hoffman and Hobbs 1985,
Mathiasen et a1. 1996).
Even though pinyon-juniper woodlands encompass more than 3.6 million ha of the 7.1
million ha of forested land (52%) in Arizona
(Conner et a!. 1990), little is known regarding
the distribution and effects of mistletoes in
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these ecosystems. This can be attributed to
the lower economic value placed on these
woodlands (Ffolliot et al. 1999). Because pinyon
dwarf mistletoe causes increased mortality
and probably reduced pinyon nut crops, surveys are needed to better detennine its distribution and abundance in the Southwest.
Therefore, we conducted a roadside survey to
provide estimates of the incidence of mistletoes in pinyon-juniper woodlands of the
Coconino 1 ational Forest, which represents

approximately 115,000 ha (3%) of the pinyonjuniper woodlands in Arizona.
~1ATEBIALS "-'1D METHODS

burg and Beatty 1985, Mathiasen et al. 1996).
vVhen there were no trees along the road

being surveyed for over 0.2 km, we designated
the area as «no trees." Mistletoe incidence was

estimated by the passenger for each 0.16-h11
road segment and then recorded on survey

data forms.
For each township and for all townships,
we summarized total number of kilometers

surveyed, kilometers with both hosts or only 1
host present, total kilometers infested with
each mistletoe, and mistletoe incidence (kilometers of low, moderate, severe incidence).
Road segments designated as "no trees" were
not included when summarizing the data. Surveys were conducted on the northeast part of

We surveyed pinyon-juniper woodlands with
primary (paved) or secondary (all-weather

the Coconino National Forest during July
2000 and in the southeast and southwest parts

gravel) roads in the Coconino National Forest,
Arizona, using a roadside survey technique

of the forest in June 2001. All surveys were

modi£ed from Hessburg and Beatty (1985) and
Mathiasen et al. (1996). Primary and secondmy

,.vherever only 1 of the mistletoes was observed. but both junipers and pinyon pines
were present, we conducted a more intensive
examination of the area by walking through

roads within pinyon-juniper woodlands were

selected based on the extent they traversed
townships (U.S. Public Land Survey, Gila and
Salt River Meridians) with more than 50% of
the township managed by the USDA Forest
Service. In some townships we used more than
1 primary or secondary road for the survey
because a single road did not traverse most of
the township. Pinyon-juniper woodlands were
identified using pinyon-juniper forest type

maps provided by the USDA Forest Service.
Townships in which pinyon-juniper woodlands were inaccessible by road, or had only a
few roads, were not sunfeyed.

By driving selected primary and secondary
roads at slow speeds Oess thml 16 '"ph), we were

conducted by the authors.

stands on both sides of the road. This was to
verify that in areas where only 1 of the mistletoes was observed by the roadside survey
method, the other mistletoe was in fact not
present.

In 2000 the roadside survey also included
stopping every 0.8 km (0.5 mile) and walking
in toward the forest 20 m from the road.
Mistletoe incidence was evaluated at each
stop. This procedure was conducted so we
could compare estimates of mistletoe incidence
between the roadside survey and on-ground
inspections.

able to record observations of host presence
and mistletoe incidence for pinyon pines and

RESULTS

junipers for individual road segments 0.16 hn
(0.1 mile) in length. Roads were surveyed be-

We surveyed a total of 330.4 h11 of primary
or secondary roads in 38 townships (Table 1).
Of the surveyed roads, 218.4 h11 (66%) represented woodlands composed of botll pinyon
pines and junipers, 109.8 km (33%) represented

ginning from pennanent reference points (e.g..
road junctions, drainage crossings, etc.) so that

mistletoe populations could be relocated. We
estimated mistletoe incidence by rating relative infection of each host species within 20 m

juniper woodlands with no pinyon pines pre-

of the road as follows: light infection, <30% of

pine woodlands with no junipers. Therefore,

the host species were infected with mistletoe;

junipers were present in nearly all (99%) areas

moderate infection, 3~% of the host species

with trees that were surveyed, but pinyon
pines were not present in 34% of the areas

were infected; and severe infection, >60% of

the host species were infected. While this system is subjective, it provides a rough estimate
of mistletoe incidence (Andrews and Daniels

1960, Dooling 1978, Johnson et al. 1980, Hess-

sent, and only 2.6 km (1%) represented pinyon

(Table 1).
Approximately 50% of tl,e areas with junjpers were infested with juniper mistletoe, but

most (70%) of these areas were lightly infested.

w
~
Table L Kilometers surveyed lind kilometers infested with mistletoes for townships with predominantly pinyon-juniper woodlands on the Coconino National Forest, Arizona.

'lbwnship

T25N
T25N
T25N
T25N
T25N
T24N
T24N
T24N
T23N
T23N
T22N
T22N
T21N
T21N
T20N
T20N

115E
116E
117E
liSE
119E
117E
liSE
119E
liSE
119E
119E
IIIOE
119E
I\lOE
119E
1I10E

T19N IHOE

TISN H4E
Tl8N 115E
Tl8N I\lOE
TI8NIIIIE
Tl7N 114E
Tl7N 115E
TI7N I\lOE
Tl7N IIIlE
T16N 115E
Tl6N 116E
Tl6N 117E
TI6N H8E

'[btal kilometers
surveyed

6.4
6.0
16.9
4.S
12.2
11.6
21.9
21.7
5.6
4.0
6.3
5.0
10.9
6.S
ILl
9.7
9.7
9.9
15.6
5.0
3.1
11.3
6.3
2.6
6.9
2.3
3.4
9.7
1.4

Km of pinyon
pine and juniper

6.0
5.S
15.1
0.0
0.3
11.6
21.7
3.1
5.6
3.9
5.6
I.S
10.9
2.3
10.9
9.5
9.7
3.1
13.0
2.7
3.1
2.1
6.3
0.8
3.9
0.2
2.6
7.2
0.3

Kmof
juniper only

0.4
0.2
I.S
4.S
11.9
0
0.2
18.6
0
0.1
0.7
3.2
0
4.5
0.2
0.2
0
6.8
0
2.3
0
9.2
0
1.8
3.0
2.1
1.2
2.5
l.l

Km of pinyon
pine only

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Km with juniper
mistletoe

5.1
3.7
S.O
0.0
0.0
7.9
15.6

1.6
3.2
3.4
1.1
0.2
4.5
0.0
2.1
4.0
3.9
4.8
8.2
3.5
1.8
4.8
4.3
2.3
6.6
0.5
3.4
9.3
1.1

Km with dwarf

%"

80

62
47
0
0
68

71
7
57
85

IS
4
41
0
19
41
40
49
63

70
58
43
68

89
96

22
100
96

79

mistletoe

0.2
O.S
3.1
0.0
0.0
2.3
0.3
0.0
0.6
0.0
0.3
0.0
1.9
0.0
1.5
0.0
5.0
0.0
2.1
0.8
1.6
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0

%"
3
14
21
0
0
20
1
0
11
0
5
0
17
0
14
0
52
0
13
30
52
0
3
0
0
0
0
0
0
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About 19% of the areas were moderately infested, and approximately 11% were severely
infested. In contrast, only about 12% of the
areas with pinyon pine were infested with
pinyon dwarf mistletoe. Light, moderate, and
severe infestations of pinyon dwarf mistletoe
in the infested areas surveyed were 44%, 34%,
and 22%, respectively.
The percentages of kilometers surveyed
that were infested with juniper mistletoe and
pinyon dwarf mistletoe in the 38 townships
studied are represented in Figures 1 and 2,
respectively. Only 3 townships did not have
juniper mistletoe detected near the roads surveyed, even though juniper was common in
these townships (Table 1, Fig. 1). Nineteen of
35 townships (54%) where juniper mistletoe
was observed had more than 50% of kilometers surveyed infested with this mistletoe (Fig.
1). Twenty-eight of these townships (80%) had
more than 25% of kilometers surveyed infested
with juniper mistletoe. In contrast, only 2
townships (TI8 ,R11E and TI9 ,RI0E) had
more than 50% of kilometers surveyed infested
with pinyon dwarf mjstletoe (Table 1, Fig. 2).
Fourteen of 19 townships (74%) where pinyon
dwarf mistletoe was observed had less than
25% of total kilometers surveyed infested with
this mistletoe. Most pinyon dwarf mistletoe
observed occurred in the north and southeast
townships surveyed (Fig. 2). In only 4 of 14
townships (28%) surveyed south of the Mogollon flim was pinyon dwarf mistletoe detected
along the roads surveyed (Fig. 2), and none of
these had more than 13% of kilometers surveyed infested with dwarf mistletoe.
Our survey detected only 2 populations of
Phoradendron capitellatum, both in the southwestern part of the Cocomno National Forest
(Fig. 1). One population was found in T13 ,
R6E along Forest Road 708, the other m
TI7N, R5E along the Red Rock Loop southwest of Sedona (Forest Road 216). Because
infection by P. capitellatum was light at both
locations, we summarized infection by this
mistletoe with data for P. juniperinum.
We observed 60 mistletoe populations in
areas where both host species occurred together
(Fig. 3). Of these, 30 (50%) were populations
oonsisting of only jumper mistletoe, even though
pinyon pines were common at these locations.
Another 27 populations (45%) had both mistletoes co-occurring in the same area (Fig. 3).
Only 3 areas (5%) had pinyon dwarf mistletoe
present without juniper mistletoe. Therefore,
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o
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T19N

TlSN
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TlSN
T14N

TI3N
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Fig. 1. Percentage of l..ilometers infested with juniper mistletoes in townships with predominantly pinyon-juniper
woodlands on the Coconino National Forest. Arizona. Results in T17N, R5E and T13N, R6E represent populations of
Phoradendron capitellatum.

90% of the areas with pinyon dwarf mistletoe
(27 of 30 populations) also had juniper mistletoe present.
Stopping the vehicle every 0.8 Ian while
conducting the survey in 2000 and checking
mistletoe incidence assured us of accurate
estimates 92% of the time. Because this procedure required a great deal of time and resulted
in highly accurate estimates, we did not use it
in the 2001 survey. In some locations juniper
mistletoe incidence was overestimated because
the number of plants in severely infected trees
caused the incidence to be rated too high. In
addition, at 3 locations where stops were made.
pinyon dwarf mistletoe was detected at low

levels. even though the mistletoe was not observed from the vehicle.
No juniper mortality that could definitively
be associated with mistletoe infection was obseIVed during the sUIVey, even where juniper
mistletoe infestations were rated as severe. In
contrast, pinyon pine mortality was commonly
observed in several areas where pinyon dwarf
mistletoe incidence was severe. Many dead
pines had evidence (witches' brooms and
swollen branches) of past dwarf mistletoe
infection. However, we collected no data on
the number of dead trees occurring in the
severely infested pine stands because removal
of dead pines for fuel wood was evident along
most roads sUIVeyed.
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51- 75%

1'20N

o
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Tl9N

Tl8N

n6N

nSN
Tl4N

Tl3N

T12N

Fig. 2. Percentage of kilometers infested with pinyon dwarf mistletoe in townships with predominantly pinyonjuniper woodlands on the Coconino National Forest, Arizona.

DISCUSSION

OUf results show that juniper mistletoe is
clearly more common than pinyon dwarf
mistletoe in the pinyon-juniper woodlands of
the Coconino National Forest. These differences
in occurrence probably result from altered fire
regimes in pinyon-juniper woodlands and different seed dispersal mechanisms. Grazing and
effective fire suppression efforts have greatly
reduced wildfires in pinyon-juniper woodlands in the last century (Arnold et al. 1964,
Gruell 1999, Tausch 1999). Because wildfires
are a natural control agent for mistletoes in
western forests (Alexander and Hawksworth
1975, Hreha and Weber 1979), the abundance

of both mistletoes today is probably greater
than it was in the past (Hessburg and Beatty
1985, Dahms and Geils 1997). When standreplacing wildfires historically eliminated mistletoe populations from pinyon-juniper woodlands,
juniper mistletoe would have spread into regenerated areas more rapidly than pinyon dwarf
mistletoe because the former is effectively and
commonly spread over long distances by its
avian vectors (Hreha and Weber 1979, Hawksworth and Scharpf 1981, Gregg 1991, van
Ommeren and Whitham 2002). In contrast,
pinyon dwart mistletoe would take more time
to recolonize areas because it is spread slowly
by a distance-limited explosive fruit mechanism and probably is rarely disseminated by
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Fig. 3. Approximate locations of mistletoe populations where both hosts were present and infested with only juniper
mistletoe, only pinyon dwarf mistletoe, or both mistletoes at the same location on the Coconino National Forest, Arizona.

animal vectors (Hawkworth and Wiens 1996).
Therefore, dwarf mistletoe has not been able

mistletoe frequently occurred without dwarf
mistletoe in areas where both hosts were pre-

to recolonize the pinyon-juniper woodlands as

sent (Fig. 3), but only 10% of the dwarf mistle-

rapidly as juniper mistletoe after wildfires
(Hreha and Weber 1979). In addition, our survey indicates that juniper is more abundant in
the Coconino National Forest than pinyon
pine, which would also facilitate the spread of
juniper mistletoe because of the continuity of
its host's distribution on the landscape.
Hawksworth and Wiens (1996) suggested

toe populations were not co-distributed with
juniper mistletoe. Thus, pinyon dwarf mistletoe was frequently co-distributed with juniper

that juniper mistletoe and pinyon dwarf mistletoe consistently co-occur in pinyon-juniper

woodlands. We found both mistletoes together
in about half (45%) of the mistletoe populations where both hosts were present. However, our survey also indicated that juniper

mistletoe, as suggested by Hawksworth and
Wiens (1996), but juniper mistletoe frequently
occurred where pinyon dwarf mistletoe was

absent.
Our survey observed only 2 populations of
Phoradendron capitellaturn, both south of the
Mogollon Rim (Fig. 1). Wiens (1964) and
Hawksworth and Scharpf (1981) contended
that this mistletoe is probably rare in Arizona,
and our survey supports this assertion. We have
observed 3 other populations of P. capitellaturn
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in the Coconino National Forest when hiking
in remote areas, but these populations were
small and were also south of the Mogollon
Rim. Juniper mistletoe (Phoradendron juniperinurn) is the most common mistletoe on junipers
in northern Arizona.
Because mistletoes are obligate parasites
and absorb water and nutrients from infected
trees, they can have detrimental effects on
their hosts (Walters 1978, Hawksworth and
Scharpf 1981, Hawksworth and Wiens 1996,
Mathiasen 1996, Lei 1999). Dwarf mistletoes
are known to cause significant growth reductions and eventual mortality of their hosts at
severe levels of infection (Hawksworth and
Wiens 1996, Mathiasen 1996). Juniper mistletoe is thought to be less damaging to its hosts
(Walters 1978, Hreha and Weber 1979, Hawksworth and Scharpf 1981, van Ommeren and
Whitham 2(02), but severe infection on junipers
has been reported to cause mortality in some
areas, such as the South Rim of the Grand
Canyon (McHenry 1934, Hreha and Weber
1979). Although our field observations suggested that increased pinyon pine mortality
appears to be directly associated with severe
dwarf mistletoe infection, our surveys were
not designed to collect data on the causes of
mortality in mistletoe~infested stands. Even if
data had been collected, they probably would
have underestimated mortality levels because
of frequent removal of dead junipers and
pines for fuelwood; these species are preferred fuelwood (Ffolliot et aI. 1999).
Because roadside surveys allow large forested
areas to be sampled rapidly and inexpensively
and provide reasonable approximations of
mistletoe incidence for the area surveyed,
they are a useful sampling technique for estimating mistletoe incidence across landscapes
(Dooling 1978, Mathiasen et a1. 1996). Therefore, because little information is available
regarding the distribution and incidence of
mistletoes in the pinyon-juniper woodlands of
Arizona, we plan to use roadside surveys for
estimating mistletoe incidence in the pinyonjuniper woodlands of the Kaibab, Tonto, and
Prescott National Forests, Arizona.
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